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TECHNICAL MEMORANDUM X-124 

OF THE STATIC LONGITUDINAL STABILITY AND 

ROLL CHARACTERISTICS OF A mE-STAGE MISSIU 

CONFIGURATION AT MACH NUMBERS 

FRoEl 1.77 TO 2.87* 

By Donald T. Gregory and Ausley B. Carraway 

SUMMARY 

An investigation has been conducted in the Langley Unitary Plan 
wind tunnel to determine the static longitudinal stability character- 
istics of a three-stage missile configuration. Included in this 
investigation is the determination of effect of body deflection between 
missile stages and the effectiveness of fin cant angle in producing roll. 

Tests were performed through an angle-of-attack range from -8' to 
4' at Mach numbers of 1.77, 2.16, 2.54, and 2.87. 
Reynolds numbers (based on model length) were 24.9 x lo6, 21.9 x 10 6 , 
17.7 x lo6, and 20.1 x lo6. 

The corresponding 

The results show that the missile is longitudinally stable through- 
out the test Mach number and angle-of-attack range. Body deflection of 
a s  much as 10 between stages has little or no effect on the longitudinal 
stability characteristics. The rolling moment produced by the front fins 
is ineffective when rear fins are in place. 

INTRODUCTION 

The Langley Research Center of NASA has initiated a research program 
to detect, by radar, objects reentering the atmosphere at hypersonic 
speeds. The vehicle selected consists of four stages, of which the first 
three stages are used to obtain altitude and the fourth stage is used to 
accelerate a reentry configuration earthward at hypersonic speeds. One of 
the prerequisites of such a program is to determine the stability of the 

c 
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various stages i n  order t h a t  the configuration can be boosted and then 
projected earthward successfully.  I n  order t o  expedite determination 
of the s t a b i l i t y  c h a r a c t e r i s t i c s  of the configuration, several  f a c i l i t i e s  
of the Langley Research Center have collaborated t o  t e s t  various s tages  
of the configuration. 

The data  presented herein a r e  r e s u l t s  of tests on a sca le  model of 
the combined second, t h i r d ,  and four th  stages i n  the Langley Unitary Plan 
wind tunnel. The e f f e c t  of canting the f i n s  and r e l a t i v e  r o l l  alinement 
of the second and t h i r d  stages,  as w e l l  as def lec t ion  between the second 
and t h i r d  and between the t h i r d  and fourth s tages ,  on the s t a b i l i t y  char- 
a c t e r i s t i c s  of the tes t  configuration a re  included. 

These r e s u l t s  were obtained a t  Mach numbers of 1.77, 2.16, 2.54, and 
2.87 through an angle-of-attack range from -8' t o  4' f o r  a s i d e s l i p  angle 
of approximately Oo.  
for the Mach numbers of 1.77, 2.16, 2.54, and 2.87 are 24.9 X LO6, 
21.9 x LO6, 17.7 x 10 , and 20.1 x 10 , respect ively.  

The tes t  Reynolds numbers (based on model length)  

6 6 

The coef f ic ien ts  of forces  and moments presented are re fer red  t o  the 
(See body axes system ( f i g .  1) with the o r i g i n  a t  the center  of gravi ty .  

f i g .  2 . )  Symbols used i n  t h i s  paper are as follows: 

C A 

c Z  

axial-force coef f ic ien t ,  Axial force 
qs 

Chamber ax ia l  force chamber axial-force coef f ic ien t ,  
qs 

rolling-moment coef f ic ien t ,  Rolling moment 
qsz 

Pitching moment pitching-moment coef f ic ien t ,  
(4s -l Crn 

Normal force normal-force coef f ic ien t ,  
cN qs 
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model length, i n .  

free -s tream Mach number 

free-stream dynamic pressure,  lb/sq f t  

cross-sectional area of f i r s t - s t a g e  body, sq  f t  

angle of a t tack  of model center l i n e ,  deg 

APPARATUS AND METHODS 

Wind Tunnel 

Tests were conducted i n  the low Mach number t es t  sect ion of the 
Langley Unitary Plan wind tunnel, which. i s  a var iable  pressure,  continuous- 
flow tunnel. The nozzle leading t o  the t e s t  sec t ion  i s  of the asymmetric 
sliding-block type, which permits a continuous var ia t ion  i n  t e s t  sec t ion  
Mach number from about 1.5 t o  2.9. 

Model 

A two-view drawing with dimensional d e t a i l s  of the model t e s t e d  i s  
presented as f igure  2. Photographs of the model are presented as f i g u r e  3.  
The model Configuration consisted of the remaining three s tages  of a four- 
s tage missile configuration. For purposes of c l a r i t y ,  these combined sec- 
ond, t h i r d ,  and four th  stages are referred t o  as st,ages I, 11, and I11 
herein, s tage I11 being the most forward stage of the configuration. The 
basic  configuration combined the three stages with Oo body def lec t ion  and 
included i n t e r d i g i t a t e d  f i n s  on stage I and s tage 11. 

The configuration w a s  designed i n  such a manner t h a t  stages I and I1 
could be def lected 0.50' o r  1.00' (s tage I1 a t  pos i t ive  angle of a t t a c k  
with respect  t o  stage I )  and stage I1 and s tage I11 could be def lected 
0.50' with respect  t o  each other .  

Stages I and I1 of the configuration were equipped with cruciform 
f i n s  which could be plaCed so  t h a t  e i t h e r  the r e a r  f i n s  (stage I )  were i n  
l i n e  o r  i n t e r d i g i t a t e d  with the f r o n t  f i n s  (stage 11). I n  addi t ion,  two 
of the f i n s  on each of these stages could be set  a t  angles of cant rela- 
t i v e  t o  the center l i n e .  A s  a r e s u l t  of inaccuracy i n  construction of 
the model f i n s ,  the angular s e t t i n g s  of the various f i n s  were not sym- 
metr ical .  Figure 4 shows the angular cant of  each f i n ,  and an average 
cant angle of each cruciform f i n  configuration tes ted .  These average 
cant angles a r e  herein re fer red  t o  as ef fec t ive  cant angles.  
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Test Conditions 

The t e s t  conditions were as follows: 

. . . . . . . . . . . . . . . .  2.16 2.54 2.87 Mach number 1-77 

Stagnat ion temperature, O F  . . . . . . . . .  125 125 150 1.50 

Stagnat ion clewpoint, OF . . . . . . . . . .  - 30 - 30 - 30 - 30 

Stagnat ion pressure,  lb / sq  i n .  abs . . . . .  26 27 28 38 
6 Reynolds number . . . . . . . . . . . . . .  24.92 X lo6 21.89 X lo6 17.71 X lo6 20.08 X 10 

A l l  configurations were t e s t e d  through an angle-of-attack range 
from approximately -8' t o  4' a t  a s i d e s l i p  angle of  approximately 0'. 
The model, f o r  a l l  tests, incorporated a f ixed - t r ans i t i on  s t r i p  1 inch 
rearward of t he  nose. The s t r i p ,  which was 1/52 inch wide, was composed 
of 0.012-inch carborundum gra ins .  

Me as urements 

Forces and moments were measured by means of a six-component s t r a i n -  
gage balance mounted wi th in  the  model. The balance w a s ,  i n  tu rn ,  r i g i d l y  
fastened t o  the  s t i n g  support system. 

Balance-chamber pressure w a s  measured with a s ing le  s t a t i c  o r i f i c e  
located i n  the  v i c i n i t y  of the  balance. 

Schl ieren photographs of each configuration were taken a t  a l l  t e s t  
Mach numbers and a t  various model a t t i t u d e s  and t e s t  condi t ions.  

Corrections 

The angles of a t t ack  have been corrected f o r  t e s t  sec t ion  flow 
angular i ty  and f o r  def lec t ion  of the balance and s t i n g  under load. 
axial-force da ta  presented herein have been adjusted t o  correspond t o  
zero balance-chamber ax ia l - force  . Measured pressure gradients  a r e  
s u f f i c i e n t l y  s m a l l  t o  assure  t h a t  model buoyancy e f f e c t s  are negl ig ib le .  

The 

Accuracy 

The accuracy of the  individual  measured quan t i t i e s ,  based on c a l i -  
b ra t ions  and r e p e a t a b i l i t y  of data,  i s  estimated t o  be within the  f o l -  
lowing l i m i t s :  
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CN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .+_0.050 

cA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  io.006 

C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to.001 
A, c 
cm . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to.002 

Cl . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to.001 

M . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  to.015 
a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fO.10 

PFUEENTATION OF RESULTS 

The results of the investigation are presented in the following 
figures : 

Figures 

. . . . . . . . .  Typical schlieren photographs of model tested 5 

Variation of chamber axial-force coefficient with angle 
of attack . . . . . . . . . . . . . . . . . . . . . . . . . .  

Effect of body deflection on aerodynamic characteristics 
in pitch; fins interdigitated . . . . . . . . . . . . . . . .  

Summary 0-f longitudinal stability characteristics of 
body deflection . . . . . . . . . . . . . . . . . . . . . . .  

Effect of relative fin alinement on aerodynamic 
characteristics in pitch . . . . . . . . . . . . . . . . . . .  

6 

8 

Effect of stage I fin cant on rolling-moment coefficient . . . .  10 

Effect of stage I1 fin cant on rolling-moment coefficient . . .  11 

DISCUSSION 

Longitudinal Characteristics 

The data of figure 7 show that the basic three-stage configuration 
is longitudinally stable throughout the test Mach number and angle-of- 
attack range. Examination of figure 8 shows the usual decrease in 
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longi tudinal  s t a b i l i t y  and normal-force-curve slope with increase i n  
Mach number. 

Body def lec t ion  of the  configuration, such t h a t  s tages  I1 and I11 
a r e  as much as lo upward with respect  t o  s tage I, o r  a similar def lec t ion  
of 0.50° each between s tages  I and I1 and between s tages  I1 and 111, has 
l i t t l e  e f f e c t  on the  axial-force ( f i g .  7) or  longi tudinal  s t a b i l i t y  
cha rac t e r i s t i c s  ( f i g .  8) of the t e s t  configuration a t  the t e s t  Mach 
numbers and angles of a t t ack .  

Tests were a l s o  performed with the  r e a r  f i n s  i n  l i n e  with the 
forward f i n s ,  and the r e s u l t s  of these tests ( f i g .  9) a re  l i t t l e  d i f -  
f e r e n t  from the r e s u l t s  obtained with the bas ic  model ( f i n s  i n t e r d i g i -  
t a t e d )  insofar  a s  pitching-moment and normal-force coef f ic ien ts  a r e  
concerned. The axial-force coef f ic ien ts  of the  i n l i n e  f i n  configura- 
t i ons  were somewhat lower i n  the angle-of-attack range between about 
23'. The reason for t h i s  difference i s  probably associated w i t h  a 
change i n  in te r fe rence  e f f e c t s  of the f r o n t  f i n s  on the r e a r  f i n s -  ? however, i n  the absence of a de t a i l ed  pressure survey over the rear 
f i n s ,  no d e f i n i t e  conclusions can be given. 

It may be noted from f igure  9 t h a t  the rear f i n s  contr ibute  about 
half of the normal-force coe f f i c i en t  of the t o t a l  configuration, and 
without these f i n s ,  the t es t  configuration i s  longi tudina l ly  unstable 
throughout the  t e s t  Mach number range. 

R o l l  Charac te r i s t ics  

The rolling-moment coef f ic ien ts  produced by e i t h e r  the r e a r  ( s tage  I) 
or  f r o n t  (s tage 11) s e t  of f i n s  a re ,  i n  general ,  only s l i g h t l y  changed by 
the  r e l a t i v e  r o l l  alinement of the f i n s  ( f i g s .  10 and 11). 
t o  t h i s  i s  a t  angles of a t t ack  of approximately -60 f o r  Mach numbers below 
2.5.  
the f i n s  are in t e rd ig i t a t ed  than when the f i n s  a re  i n  l i n e .  

An exception 

I n  t h i s  case,  the r e a r  f i n s  a re  more e f f ec t ive  r o l l  producers when 

The r e s u l t s  shown i n  f igu re  10 indica te  that the r o l l  e f fec t iveness  
of the r e a r  f i n s  i s  e s s e n t i a l l y  constant with angle of a t t ack  f o r  the  t es t  
Mach number and angle-of-attack range. 

The r o l l  effect iveness  of the  f r o n t  f i n s  i n  the  absence of the  rear 
f i n s  may be seen i n  f i g u r e  11. With the  presence of the  rear f i n s ,  how- 
ever,  the rolling-moment coe f f i c i en t  per  degree f i n  cant produced by the 
f ron t  f i n s  i s  inef fec t ive  a t  a l l  Mach numbers and angles of a t t ack  
( f i g .  11). Unpublished da ta  ind ica te  t h a t  t h i s  ineffect iveness  i s  caused 
by downwash from these f i n s  ac t ing  on the rear f i n s  i n  a d i r ec t ion  t o  
counteract the  r o l l i n g  moment produced by these f r o n t  f i n s .  
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CONCLUSIONS 

lke results of an investigation of a three-stage missile configu- 
ration at Mach numbers of 1.77, 2.16, 2.54, and 2.87 at corresponding 
Reynolds numbers (based on model length) of 24.9 x 10 6 , 21.9 X 10 6 , 
17.7 x lo6, and 20.1 x lo6, respectively, indicate the following 
conclusions: 

1. The basic missile configuration is longitudinally stable 
throughout the test Mach number and angle-of-attack range. 

2. Body deflection of as much as 10 between stages has little 
effect on the longitudinal stability characteristics. 

3. The rolling moment produced by the front fins is ineffective 
when the rear fins are in place. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field, Va., July 1.7, 1959. 
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E f f e c t i v e  s e t t i n g  -.No 
N o m i n a l  s e t t i n g  - 2 O  
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E f f e c t i v e  s e t t i n g  .34O E f f e c t i v e  s e t t i n g  1.15O E f f e c t i v e  s e t t i n g  2.14O 

Figure 4.- Effect ive cant angles f o r  each f i n  s e t t i n g  t e s t e d  as viewed 
from rea r .  
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M = 2.54; a = - l . O o  

(b) Fins in line. 

M = 2.54; a -1.00 

( c ) Rear fins removed. 

Figure 5.- Concluded. 



o F i n s  interdigitated 
0 F i n s  in line 

. 3  

.2 

c A , c  

.1 

0 

c A , c  

c A , c  

Figure 6.- Variation of chamber axial-force coefficient with angle of 
attack. 
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D e f l e c t i o n  angle, deg 

0 1.00 

. 2  
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. 0  

.6 

.4 

CA 
.2 

0 0  

0 0  

0 0  

( a )  M = 1.77. 

Figure 7.- Effect  of body deflect ion on aerodynamic cha rac t e r i s t i c s  i n  
p i tch .  Fins in t e rd ig i t a t ed .  
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(b) M = 2.16. 

Figure 7.- Continued. 
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Deflection angle, deg 
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( c )  M = 2.34. 

Figure 7.- Continued. 
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D e f l e c t i o n  a n g l e ,  deg  
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(d) M = 2.87. 

Figure 7.- Concluded. 
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Figure 8. - Summary of longitudinal stability characteristics of body 
deflect ion. 
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(a )  M = 1.77. 
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Figure 9.- Eff  k c t  of r e l a t i v e  f i n  alinement on aerodynami 
t i c s  i n  p i tch .  
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Figure 9. - Continued. 
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Figure 9.- Continued. 
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(d)  M = 2.87. 

Figure 3 . -  Concluded. 
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Figure 10.- Concluded. 

CONFIDENTIAL 



......................... . . . . . . .  
a .  e .  0 .  . .. 0 . . . . . . . .  . . . . . . . . . . . . . . . .  a ...... 
0 .  0 .  : 0 : .  *-J@&fififi~-& : : 28 .......... .... .... .... 

Stage  T 
0 0.34  
0 .34 
A .34 
0 O f f  

S tage  KI 

0.14 
- .54 

- .54 
-1 .78 

a, deg 

Figure 11.- Effect of stage I1 fin cant on rolling-moment coefficient. 
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Figure 11. - Concluded. 
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